Fatty alcohol treatment at the appearance of the first true leaf is a newlyintroduced technology that control meristematic regrowth of cucurbit rootstocks used in grafting. In addition to regrowth control, rootstocks treated with fatty alcohol have been shown to increase in stored carbohydrates over time after treatment. This carbohydrate increase allows for a more successful, durable graft, and gives grafted transplants an advantage in field establishment. Because treated rootstocks increase in carbohydrates over time, older, treated rootstocks may contain enough stored energy to allow improved grafting success in a shorter period of time. This treatment also allows for a longer time period in which rootstock can be used in grafting. An overview of experiments will be presented to describe this novel approach to cucurbit grafting, including a rate trial to determine the optimal fatty alcohol treatment concentration, analyses of rootstock carbohydrate content over time after fatty alcohol treatment, grafting experiments to determine the effect of fatty alcohol treatment on rootstock grafting success as well as to determine the optimal grafting age after fatty alcohol treatment, and field trials to determine whether fatty alcohol treatments give grafted transplants an added advantage in the field.
INTRODUCTION
Grafting has been used to manage serious soilborne pathogens, including Fusarium, Verticillium, Pseudomonas, Monosporascus root rot and vine decline, Macrophomina, other fungi, oomycete and bacterial pathogens, nematodes, and viruses (Lee and Oda, 2003; Koren and Edelstein, 2004; Louws et al., 2010) . 'Fusarium wilt' is one of the most serious watermelon diseases, causing a great deal of damage and loss in the United States and worldwide; however, watermelon grafting has not been incorporated in United States production because of the increased cost of grafting. As a contributer to the cost of grafting, rootstock re-growth is a major concern (Guan, 2011). Occasionally termed "suckers," the rootstock re-growth can decrease yield by robbing the scion of water and nutrients, and could result in scion abortion and graft failure.
Chemical control of rootstock meristematic regrowth would be an effective method of reducing the cost of grafted transplants. Preliminary research of chemicals including maleic hydrazide, oryzalin, sulfuric acid, and fatty alcohols indicated that only the fatty alcohol successfully destroys the rootstock meristem without damaging the rootstock cotyledons (Hassell, unpublished data) . Fatty alcohol treatments have been used to prevent meristem growth and suckering in tobacco (Steffens et al., 1967) , apple (Miller, 1977) , and tomato (Tucker and Maw, 1975 ), but has not as yet been tested on cucurbits used for grafting. This work provides an overview of experiments determining the optimal treatment rate, as well as the effects of fatty alcohol treatment on rootstocks' carbohydrate content and graft survivability. 
MATERIALS AND METHODS
To determine the optimal treatment rate, nine rates (0. 00, 3.75, 5.00, 6.25, 7.50, 8.75, 10.00, 12.50, and 15 .00%) of Fair 85 and Off-Shoot T fatty alcohol compounds were applied to interspecific hybrid squash 'Carnivor' (Cucurbita maxima × C. moschata) and bottle gourd 'Emphasis' or 'Macis' (Lagenaria sicereria) rootstocks at 5-7 or 8-10 days, respectively, after seeding. At this time, rootstock cotyledons had unfolded, but not expanded. Seedlings were individually rated for regrowth and damage on days 1, 7, 14 and 21 following fatty alcohol treatment.
To assess rootstock size and carbohydrate content, cotyledons and hypocotyls of interspecific hybrid squash and bottle gourd rootstocks were harvested at 1, 7, 14, and 21 days after fatty alcohol treatment. Cotyledons and hypocotyls were weighed and measured, and then dried in an incubating oven. After measuring the dry weights, samples were combined and analysed for carbohydrate content according to the methods outlined by Zhao et al. (2010) .
Graft survival was determined by grafting using seedless watermelon 'Tri-X 313' (Citrullus lanatus) as scion. Both the one-cotyledon and hypocotyl-only graft methods were used. The one-cotyledon method is a standard method in the grafting industry (Hassell et al., 2008) . The hypocotyl-only method is a new method that has not successfully been performed on untreated rootstocks. In this new method, both cotyledons are removed and scion is grafted to the hypocotyl only. In both grafting methods, roots were removed from the hypocotyl to conserve energy. Interspecific hybrid squash and bottle gourd rootstocks were grafted using both methods at 1, 7, 14, and 21 days after fatty alcohol treatment. Grafted plants were kept in the healing chamber for seven days, and allowed to grow in the greenhouse five additional days before data was recorded. Graft survival was taken as a percentage of plants with healed grafts and a root ball that allowed removal of the plant from the tray.
RESULTS AND DISCUSSION

Treatment Rate
'Carnivor' rootstocks treated with 7.5% Fair 85 and 6.25% Off-Shoot T exhibited unacceptable amounts of damage (13.6 and 19.0%, respectively) ( Table 1) . Damage increased with increasing rates of the fatty alcohol, reaching 69.1 and 55.1% at the highest rate of Fair 85 and Off-Shoot T, respectively. Similarly, regrowth in the 'Carnivor' rootstocks was successfully prevented (6.8 and 8.1%) at 6.25 and 5.00% Fair 85 and Off-Shoot T, respectively (Table 2) . Damage reached 17.2% in 'Emphasis' rootstocks treated with 6.25% Fair 85 and 13.1% when treated with 5.00% Off-Shoot T. In 'Emphasis' rootstocks, regrowth was sufficiently controlled (2.0 and 0.0%) at 6.25% Fair 85 and 7.50% Off-Shoot T, respectively.
Although the labels of each compound indicate identical amounts of active and inert ingredients, significant differences in damage and regrowth control occurred. As sources of fatty alcohol vary in availability and purity (Frank Grainger, Fair Products, pers. commun.), variations in product purity and the resulting burn quality. In addition, the two rootstocks differed significantly in their response to the application, with 'Emphasis' rootstocks showing a higher incidence of damage than the interspecific hybrid rootstocks. We expect that this is possibly a result of physiological differences.
Rootstock Size and Carbohydrate Content
For both rootstock types, no significant differences were observed between the water-treated rootstocks and the day 1 rootstocks. 'Carnivor' rootstock hypocotyl dry weight increased from 0.0234 g on day 1 to 0.1345 g on day 21 after treatment, and width increased from 2.84 mm on day 1 to 4.48 mm on day 21 (Table 3) . 'Emphasis' rootstock hypocotyl dry weight increased significantly, from 0.0131 to 0.0563 g, and width increased from 2.53 to 4.99 mm (Table 3) . Total soluble sugars and starch in interspecific hybrid squash rootstock hypocotyls increased 6.7-fold and 193-fold, respectively (Table 4) . 'Emphasis' rootstock hypocotyls increased in total soluble sugars by 2.5-fold, and in starch by 31.5-fold.
The size increases in both rootstocks indicates that the rootstocks are expanding to accommodate the accumulating starch. It is not surprising that starch content increased greater than other sugars in both rootstocks, as starch is the storage sugar of the plant. The two rootstock types responded differently, however, in carbohydrate storage location, with the 'Carnivor' rootstock storing greater amounts of starch in the hypocotyl, and the 'Emphasis' rootstock storing greater amounts of starch in the cotyledon. As the two rootstocks are from different genera within the Cucurbitaceae family, this difference may be due to the adaptive differences between the two rootstock types. This starch accumulation could be harnessed by the plant to increase grafting success.
Graft Survival
Using the 1-cotyledon graft method, graft survival on 'Carnivor' rootstocks remained between 94 and 98% on days 1, 7, and 14 after treatment (Fig. 1) . Survival decreased significantly to 85% on day 21 after treatment. Graft survival on 'Macis' rootstocks with the 1-cotyledon method increased significantly from 88 to 98% on days 1 and 7, and did not significantly change on days 14 and 21 after treatment. In both 'Carnivor' and 'Macis' rootstocks, root fresh weight did not change significantly, and root dry weight significantly increased from days 1 to 7 after treatment ( Figs. 2A and B) . Root dry weight did not significantly change on the following days.
Using the new, hypocotyl-only graft method, zero grafts survived on untreated rootstocks and on rootstocks 1 day after treatment (Fig. 3) . In both 'Carnivor' and 'Macis' rootstocks, survival increased significantly on day 7 to 92 and 48%, respectively. On day 14 after treatment, graft survival on interspecific hybrid squash rootstock did not change significantly, while graft survival on bottle gourd rootstocks increased significantly to 89%. On day 21 after treatment, graft survival on interspecific hybrid squash rootstock decreased significantly to 68%, and bottle gourd survival did not change.
Fatty alcohol applications can successfully control rootstock meristem growth, and by decreasing the labor required, would alleviate the high cost of grafted transplant production. The optimal treatment rate, providing a 95% control of regrowth with less than 10% damage to rootstocks, is between 5.00% when using Off-Shoot T, and 6.25% using Fair 85 fatty alcohol treatment.
There were no significant differences between water-only treatments and day 1 after fatty alcohol treatments in rootstock development, or in total soluble sugars or starch content of rootstock hypocotyls and cotyledons. Based on these data, we conclude that fatty alcohol application itself does not affect baseline rootstock development or carbohydrate storage, and that rootstocks continue to develop and expand over 21 days. Over this time, rootstocks also increase in carbohydrate content, most notably starch. These carbohydrates can be used by the plant to provide energy for graft healing and rooting, and can overcome the need for a cotyledon by grafting using the hypocotyl-only method. This new graft method could increase graft efficiency by allowing for the use of a smaller cell size in production, and could decrease disease incidences by removing the large rootstock cotyledons.
Using fatty alcohol as a rootstock treatment can improve the efficiency of grafting by decreasing the labor required in producing grafted watermelon, as well as increasing graft survivability and making a new grafting method available. Tables   Table 1. Effect of fatty alcohol concentration on mean percent damage 1 using two C 6 -0.5%, C 8 -42%, C 12 -1.5% fatty alcohol compounds, pooled over three consecutive experiments. 9 
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Macis-May Fig. 1 . Graft survival using the one-cotyledon method evaluated as a percent graft healing and rootstock re-rooting. 'Carnivor' and 'Macis' rootstocks were grated at 1, 7, 14 and 21 days after fatty alcohol treatment. 
